Translational Significance {#s5}
==========================

This study highlights the contribution of parental socioeconomic status and engagement in adult cognitive leisure activities to adult cognitive performance. We show that parental socioeconomic status influences later outcomes due to its effect on the participants' early cognitive abilities, their later adult socioeconomic status (i.e., education and occupation), and the kinds of leisure activities they engage in. These findings point to potential targets for early interventions in helping to prevent cognitive decline.

Childhood socioeconomic status (cSES) and cognitive ability have long been known to be correlated. In order to explain this association, schools of thought from developmental psychology-social epidemiology frameworks focus on "neo-materialist" pathways that emphasize the role of resource availability, or on psychosocial pathways that emphasize biological, psychological, and behavioral processes related to brain and cognitive health ([@CIT0015]; [@CIT0035]; [@CIT0047]). Models have been tested that implicate both direct and indirect effects of cSES on later-life cognitive outcomes, with longitudinal studies allowing for more thorough examination of pathways and accumulated risks.

From a neo-materialist perspective, cSES bestows different levels of material resources (i.e., economic, social, and cultural capital) and exposures for the developing child at individual, neighborhood, and school levels which then accumulate across the life course ([@CIT0009]). For instance, families with lower SES tend to experience greater economic pressure, poorer quality schools, and health care ([@CIT0010]; [@CIT0019]), and are exposed to higher levels of environmental hazards and pollutants ([@CIT0010]; [@CIT0019]). Lower SES parents are more likely to prioritize pressing needs (e.g., food, rent) over activities such as intellectual stimulation, healthy nutrition, and health care ([@CIT0010]; [@CIT0019]). The social and cultural capital of SES (i.e., access to resources such as social networks, habits, or lifestyle markers) also contribute to later outcomes ([@CIT0040]; [@CIT0063]).

As would be expected from the neo-materialist perspective, cSES has been associated with multiple dimensions of mid- and later-life cognition ([@CIT0033]; [@CIT0039]; [@CIT0046]; [@CIT0060]). Associations between cSES and later-life cognitive outcomes, however, are substantially reduced or eradicated after accounting for adult SES ([@CIT0027]; [@CIT0031]; [@CIT0041]; [@CIT0044]). In one of the few studies using formal mediation tests, the effect of mother education (but not other childhood SES indicators) on late adult cognitive functioning was partially mediated by adult education and economic amenities ([@CIT0031]). Thus, the role of adult SES in reducing the effect of cSES on adult cognitive status demonstrates empirical support for the pathway hypothesis of cSES: that cSES is mediated by adult SES.

Fewer studies have examined the role of social and cultural capital (i.e., types of activities or assets that can help promote social status) in cognitive outcomes ([@CIT0040]). Engagement in cognitive/cultural leisure activities (CLA), one type of cultural capital, has been associated with better cognitive function in older adults ([@CIT0034]; [@CIT0062]). Children from higher SES families are more likely to have access to cultural resources ([@CIT0028]). They have higher rates of participation in or attendance at cultural events compared with their lower SES counterparts, even when cost is not a factor ([@CIT0053]). In general, then, in these models, childhood status is viewed in terms of the access to resources it provides that may promote or inhibit later cognitive outcomes.

Psychosocial pathway models traditionally focus more on other types of intervening variables on the path between cSES and cognitive outcomes ([@CIT0035]). These attributes may range from health behaviors to psychological mechanisms (i.e., depression and self-esteem), physiological responses (e.g., stress, allostatic load), and education achievement ([@CIT0047]). For example, African-American adults who reported feelings of greater financial strain in both childhood and adulthood had higher levels of disability and depressive symptoms than those without financial strain, and cognitive functioning was inversely associated with memories of childhood financial strain ([@CIT0055]). There is evidence suggesting that cSES can influence adult brain and cognitive development ([@CIT0003]; [@CIT0019]; [@CIT0028]; [@CIT0044]; [@CIT0052]), in part through health. One mechanism by which stress associated with childhood status may affect later outcomes could be through its influence on hypothalamic-pituitary-adrenal axis regulation, which has been linked to health, brain, and cognitive outcomes ([@CIT0023]; [@CIT0045]).

Elements of the resource and psychosocial pathways clearly overlap and are often difficult to distinguish ([@CIT0009]; [@CIT0066]). For instance, poorer quality schools are associated with both fewer resources and with lower educational achievement, which---in turn---are predictive of cognitive function. Similarly, low SES families are exposed to more stressors, have fewer resources to cope with stress, and have higher symptoms of stress ([@CIT0003]; [@CIT0019]), placing resources clearly in the pathway of stress exposure and stress responses.

Although SES is often considered as an environmental factor, it is important to note that genetic effects also play a role in SES and its association with cognition ([@CIT0018]). Indeed, shared genetic influences explain associations between education, intelligence, childhood, and adult SES ([@CIT0048]). It is likely that parental SES may affect the extent to which a child is able to benefit from experiences that are consistent with his/her genetically influenced cognitive ability and interests, thereby improving cognitive outcomes ([@CIT0058]). [@CIT0048] point to cognitive ability as a crucial third variable in inequalities research, likely mediating the association between cSES and later-life cognitive function. Few studies, however, examine the role of early cognitive ability (i.e., ability during childhood or early adulthood) as a mediating factor between cSES and later-life cognitive performance.

A number of key gaps in our understanding of the relationship between cSES and later-life adult cognitive functioning emerge from the review of the literature. Most studies are cross-sectional or limited in their longitudinal data; SES and cognition tend to be assessed simultaneously. Remarkably few studies have examined childhood or young adult cognitive ability as a third variable mediating the association between cSES and later cognitive outcomes ([@CIT0048]), in part because most studies lack data on the participants' cognitive ability when they were younger. Much of the focus has been on testing models of various SES indicators in order to identify specificity of associations, sensitive periods, and cumulative influences, rather than on the detailed assessment of cognitive ability. Also, studies have used cognitive screening instruments or just measured a few cognitive abilities. Furthermore, most studies use analytic designs that only allow them to infer mediation, rather than formally testing mediation models.

Here, we expand on these existing studies using unique data from the longitudinal Vietnam Era Twin Study of Aging (VETSA) that enables us to address some key gaps in the literature ([@CIT0036]). The VETSA includes an assessment of general cognitive ability (GCA) when the participants were inducted into the military (aged 20, on average), as well as in-depth cognitive assessments at age 62 (range 57--67). In addition, measures of childhood and adult SES were obtained 6 years prior to the age 62 cognitive assessments. We further evaluated the effects of adult engagement in CLA which is known to be associated with adult SES and cognitive function in later life and may be a pathway through which cSES is associated with later cognitive function. We performed multiple mediation models to formally examine the extent to which effects of cSES are directly or indirectly associated with cognitive outcomes in late midlife ([@CIT0029]). When multiple mediation models are used with longitudinal data, pathways among the variables can be more clearly discerned.

We predicted that the direct influence of cSES on multiple domains of late midlife cognition would be completely mediated by paths through age 20 cognitive ability, adult SES, and CLA. Because midlife is an important transitional period that is understudied in longitudinal designs ([@CIT0020]), a better understanding of cognition prior to old age may provide insights into modifiable risk or protective factors against later cognitive decline.

Research Design and Methods {#s6}
===========================

Participants {#s7}
------------

Participants were 1,009 men in the VETSA project. VETSA is an ongoing longitudinal study of genetic and environmental risk and protective factors for cognitive aging ([@CIT0036]). VETSA 1 participants were recruited from the Vietnam Era Twin Registry (VETR); VETR members are representative of all twins who served in the military during the Vietnam era, between 1965 and 1975 ([@CIT0016]). Eligibility for VETSA 1 (2002--2008) included two criteria: participants had to be between ages 51--59 years at enrollment, and both members of a twin pair had agreed to participate. VETSA 2 (2009--2014) followed-up these participants 6 years later. Mean age was 56 years (*SD* = 2.48, range 51--61) in VETSA 1 and 62 years in VETSA 2 (*SD* = 2.43, range 57--67) ([@CIT0036]). Hereafter, these time-points are referred to as age 56 and 62.

The sample is similar in health and lifestyle characteristics to American men in their age range based on National Health Interview Survey data ([@CIT0051]). Although this is a twin study, these analyses are non-twin. Nearly 80% of the sample reported no combat exposure and two-thirds of the sample did not serve in a war-zone. Of the 1,237 participants in VETSA 1,228 (18%) did not participate in VETSA 2, with the most common single reason for not participating being death (*N* = 43; 19% of non-returners) or being a brother of a deceased twin. Given that the study involved two to three nights travel to either University of California San Diego or Boston University for in-depth testing, this retention rate in a longitudinal study is excellent. The study was approved by the University of California San Diego and Boston University Institutional Review Boards. Written informed consent was obtained from all participants.

The sample comprises 1,009 individuals who participated in both VETSA 1 and 2; final mediation analyses were conducted on the approximately 971 participants who had complete data, as this is a requirement of multiple mediation analyses. This large longitudinal sample has more than adequate power to test the mediation models ([@CIT0036]). We have \>80% power to detect small associations between variables (e.g., *r* =0.09 \[*n* = 1,000\] to *r* =0.12 \[*n* = 600\]).

Measures {#s8}
--------

### Socioeconomic status {#s9}

At VETSA 1, participants reported their own highest-attained lifetime occupation and education, as well as the highest occupation and education held by their parents/stepparents during their childhood (\<18 years). Occupation and education were coded using the Hollingshead and Redlich scales ([@CIT0030]). Occupation was coded on a 0--9 scale (0 = homemaker/unemployed/retired; 1 = unskilled laborer; 9 = major professionals); major professionals included lawyers, engineers, professors. Education was coded on a 1--7 scale (1 = none to seventh grade; 7 = graduate professional training). An SES composite score was calculated as: (occupation score × 5) + (education score x 3) ([@CIT0030]); cSES was the average of parent's SES if the mother was employed, or just father SES if the mother was a homemaker. Adult SES is that of the participant by age 56. This scoring has been shown to be a reliable and valid indicator of SES ([@CIT0007]).

### General cognitive ability (GCA) {#s10}

Participants took the same version of the Armed Forces Qualification Test (AFQT), a 100-item multiple-choice test of GCA, when inducted into the military at approximately age 20 and again as part of the study at age 62 ([@CIT0061]). This test is a reliable and valid measure of GCA ([@CIT0061]) and is highly correlated with other tests of GCA, such as Wechsler Adult Intelligence Scale (*r* = 0.84) ([@CIT0043]). Age 20 AFQT scores were obtained from military records by the VETR.

### Dimensions of cognitive ability {#s11}

Specific cognitive abilities were evaluated using 13 neuropsychological tests at age 62 ([@CIT0038]). When there were multiple measures of an ability, a composite score was created by standardizing measures and taking the average. These measures have been described in detail elsewhere ([@CIT0022]). In brief, abstract reasoning was measured using the Wechsler Abbreviated Scale of Intelligence Matrix Reasoning subtest ([@CIT0064]). Verbal fluency/language combined scores from Delis--Kaplan Executive Function System (D-KEFS) Verbal Fluency letter (F-A-S) and Category Fluency (animals, boys names) conditions ([@CIT0013]). Visual-spatial ability was measured using Card Rotations ([@CIT0017]) and Hidden Figures ([@CIT0056]).

Processing speed was assessed with two tests: Stroop word and color conditions ([@CIT0026]) and D-KEFS Trails number sequencing and letter sequencing (Trails conditions 2 and 3) ([@CIT0013]). Stroop processing speed scores represented the number of items read correctly in 45 s. D-KEFS Trails tests are timed, scores were reversed so that high scores represent better performance. Episodic memory was measured with three tests: California Verbal Learning Test-II short-delay recall, long-delay recall, and total trials 1--5 scores ([@CIT0014]), as well as the Wechsler Memory Scale (WMS-III) Logical Memory and Visual Reproduction subtests ([@CIT0065]). Working memory was measured using Reading Span ([@CIT0011]) and WMS-III Digit Span, Spatial Span, and Letter-Number Sequencing tests ([@CIT0065]). Digit and spatial span tests included both forward and backward conditions.

The executive function of inhibition was measured using the Stroop color/word interference condition adjusted for performance on the separate color and word conditions using regression ([@CIT0026]). The executive function of switching included two measures: D-KEFS Trails condition 4 (letter-number switching) adjusted for speed on the number and letter conditions (Trails conditions 2 and 3 respectively) using regression, and the Verbal Fluency category switching condition (fruit/furniture) adjusted for scores on category fluency using regression).

### Cognitive leisure activity (CLA) {#s12}

A composite CLA score at age 56 was created using total points earned on the 11 CLA items from Schaie's life complexity inventory ([@CIT0050]). Items included: 1--4) time spent engaged in self-improvement activities/educational activities/cultural activities/reading in the past month; 5--6) number of books/magazines read in the past month, and 7--11) taking vocational training courses, adult education courses, extended university courses, correspondence courses, and/or on the job training in the previous 10 years. Rather than use a factor analysis derived score we created a CLA index. For items 1--6, a point was assigned to participants who engaged in the particular activity more often than the sample mean. For items 7--11, a point was assigned for each type of educational activity. The Cronbach's Alpha for this index was 0.72.

### Covariates {#s13}

Multiple mediation model covariates included self-reported race/ethnicity (non-Hispanic white versus other), and age at VETSA 2. Although our literature review suggested that APOE genotype, physical activity, and health might comprise pathways between cSES and midlife cognitive functioning, measures of these constructs were not associated with cSES or cognitive outcome, and were trimmed from the multiple mediation analyses (see [Supplementary Table 2](#sup1){ref-type="supplementary-material"}).

Data Analyses {#s14}
-------------

### Multiple mediation analyses {#s15}

Three criteria need to be satisfied to indicate a mediation relationship ([@CIT0001]): (1) The predictor variable needs to significantly predict the outcome variable, (2) the predictor variable must significantly predict the mediator variable(s), and (3) the mediator variable(s) must significantly predict the outcome variable while controlling for the predictor variable. If both direct and indirect effects remain significant, the association is said to be partially mediated ([@CIT0029]).

Multiple mediation analyses were based on 1000 bootstrapped samples using Hayes' PROCESS Macro v2.15 modified for R ([@CIT0029]) allowing for formal tests of the total, direct, and indirect effects of cSES on age 62 cognitive abilities. The predictor variable was cSES, the three mediator variables were GCA at age 20, and adult SES and CLA at age 56; outcomes were cognitive abilities at age 62 ([Figure 1](#F1){ref-type="fig"}). Because measurement of adult SES (highest attained education and occupation in lifetime) was considered temporally prior to CLA (activities in past month, past 10 years), it was regarded as antecedent to CLA in the models. Multiple mediation analyses estimated the total, direct and indirect effects of cSES in all eight (1 direct; 7 indirect) paths reflected in the model shown in [Figure 1](#F1){ref-type="fig"}. Age and ethnicity were included as covariates in the multiple mediation models. Models also included a family identifier as a random effect to account for the non-independence of the twins. All measures were standardized with a mean of zero and standard deviation of one prior to analyses. Results are considered significant at *p* \< .05, two-tailed.

![Illustration of direct and indirect effect paths in each multiple mediation model; variables arranged temporally. The direct effect path leads from childhood SES (socioeconomic status) to cognitive ability, and the seven indirect effect paths lead: (a) through GCA (general cognitive ability); (b) through adult SES; (c) through CLA (cognitive leisure activities); (d) through GCA and adult SES; (e) through GCA and CLA; (f) through adult SES and CLA; and (g) through GCA, adult SES, and CLA. Cognitive abilities tested include GCA and the six specific cognitive ability measures (abstract reasoning, episodic memory, processing speed, verbal fluency, working memory, and visual-spatial ability).](igy00301){#F1}

### Calculation of overall effect sizes {#s16}

Mediation analyses provide specific information about the longitudinal pathways through which cSES is associated with late mid-life cognitive abilities by parsing the total effect of cSES on cognitive outcomes into direct and indirect effects. What those analyses do not reveal is the overall combined influences of these measures on later cognitive ability and calculation of an overall effect size. In order to provide information on the total effect of the combined measures, we conducted post hoc generalized linear model analyses in SAS 9.4 (PROC GENMOD) to determine the contribution of cSES, age 20 GCA, adult SES, and CLA to age 62 cognitive abilities (see [Supplementary Table 3](#sup1){ref-type="supplementary-material"}). We included all covariates considered earlier: age, ethnicity, health, physical activity, and APOE genotype. Health was the total number of major chronic health conditions based on items from the Charlson Comorbity Index ([@CIT0006]). Physical activity was the mean of two items reflecting the frequency of engagement in physical fitness and walking/hiking from the Schaie life complexity inventory ([@CIT0050]). APOE genotyping was conducted on blood samples collected in VETSA 1 by established methods ([@CIT0043]). Presence of any ε4 allele was coded as being ε4+ (29%) versus no ε4 alleles; presence of the APOE-ε4 allele is a major risk factor for cognitive decline/Alzheimer's Disease (AD) in later life ([@CIT0021]). In addition, we post-hoc calculated the contribution of cSES to age 20 GCA, adjusting for APOE genotype and ethnicity.

These analyses accounted for non-independence of the twin data by running linear regression analyses (PROC REG) on 'A' and 'B' twins separately, then calculating the proportion of residual sum of squares (SSR) to total sum of squares $\text{(SST;~}~\frac{SSR_{A} + SSR_{B}}{SST_{A} + SST_{B}})$ to find the multiple *R*^2^ for each outcome. Effect size, as indicated by Cohen's *f*^2^, was calculated by dividing the resulting multiple *R*^2^ value by the variance of the outcome variable unexplained by all the measures in the model $\left( \frac{R^{2}}{1 - R^{2}} \right)$

Results {#s17}
=======

Demographics and Preliminary Analyses {#s18}
-------------------------------------

Participants were mostly non-Hispanic white (90%); 78% were currently married; and 97% graduated high school. On average, participants had 13.88 years of formal education (*SD* = 2.09), an annual income of \$57,500 (*SD* = \$30,400), and were a small business owner or manager. Fathers' average education was 10.63 years, and worked as a skilled manual worker; 52% graduated from high school. Mothers' average education was 11.33 years, and tended to be homemakers (50%) or semi-skilled workers; 67% graduated high school. Demographic characteristics are presented in [Supplementary Table 1](#sup1){ref-type="supplementary-material"}.

In preliminary analyses, cSES, age 20 GCA, CLA, adult SES, age 62 GCA, and cognitive abilities at age 62 (with the exception of executive function measures) were all positively intercorrelated (*p*s \< .001; see [Supplementary Table 2](#sup1){ref-type="supplementary-material"}) meeting the basic assumptions for conducting mediation analysis. Men from higher SES backgrounds were more likely to engage in CLAs as adults (β = 0.19, 95% CI \[0.118, 0.255\]), even when adjusted for age 20 GCA (β = 0.17, 95% CI \[0.098, 0.237\]). There was no main effect of APOE genotype or interaction between cSES and APOE status on age 62 cognitive outcomes indicating that APOE genotype did not moderate these associations. Given the lack of correlations with cSES and cognitive outcomes, physical activity, health, and APOE were trimmed from multiple mediation models.

Multiple Mediation Models {#s19}
-------------------------

Results for the multiple mediation models are shown in [Table 1](#T1){ref-type="table"}. Total effects (direct plus indirect) were significant for age 62 GCA and all six specific cognitive ability outcomes tested. Only the direct effect of cSES for abstract reasoning remained significant along with a significant total indirect effect, indicating partial mediation. As shown by the significant total indirect effects and the non-significant direct effects ([Table 1](#T1){ref-type="table"}), associations between cSES and age 62 GCA, episodic memory, processing speed, verbal fluency, working memory, and visual-spatial ability outcomes were fully mediated by age 20 GCA, adult SES, and CLA engagement. The total (direct plus indirect) effects of cSES were strongest for Abstract Reasoning (0.168) and Visual-Spatial Ability (0.137).

###### 

Multiple Mediation Models: Total, Direct, and Indirect Effects from Childhood SES to Cognitive Outcomes at Age 62

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Effect                            Age 62 GCA             Abstract Reasoning     Episodic Memory        Processing\            Verbal\                Working Memory         Visual-Spatial Ability
                                                                                                         Speed                  Fluency                                       
  --------------------------------- ---------------------- ---------------------- ---------------------- ---------------------- ---------------------- ---------------------- ------------------------
  Total effect: direct + indirect   **0.082**\             **0.168**\             **0.068**\             **0.087**\             **0.079**\             **0.078**\             **0.137**\
                                    **\[0.046, 0.129\]**   **\[0.112, 0.230\]**   **\[0.026, 0.117\]**   **\[0.044, 0.136\]**   **\[0.024, 0.137\]**   **\[0.036, 0.118\]**   **\[0.082, 0.195\]**

  Direct effect                     0.006\                 **0.071**\             0.004\                 0.029\                 0.001\                 0.021\                 0.046\
                                    \[−0.023, 0.046\]      **\[0.020, 0.140\]**   \[−0.040, 0.056\]      \[−0.017, 0.087\]      \[−0.054, 0.065\]      \[−0.016, 0.064\]      \[−0.005, 0.110\]

  Total indirect effect             **0.074**\             **0.094**\             **0.064**\             **0.060**\             **0.074**\             **0.056**\             **0.090**\
                                    **\[0.044, 0.103\]**   **\[0.051, 0.122\]**   **\[0.026, 0.117\]**   **\[0.032, 0.085\]**   **\[0.044, 0.099\]**   **\[0.032, 0.077\]**   **\[0.053, 0.121\]**
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note:* Path estimates (*β*) provided for each. (95% confidence interval presented in brackets; Paths significantly different from 0 are bolded; SES = socioeconomic status; GCA = general cognitive ability; CLA = cognitive leisure activities. Age and ethnicity are included as covariates and family is included as a random effect.

[Table 2](#T2){ref-type="table"} a--g shows results for each of the indirect paths tested by the multiple mediation models. The indirect effect of cSES through age 20 GCA (path a) was significant for all cognitive outcomes, accounting for 84% of the total indirect effect on age 62 GCA; 55% for abstract reasoning; 47% for episodic memory; 38% for processing speed; 24% for verbal fluency; 55% for working memory; and 56% for visual-spatial ability. The remaining paths through adult SES and CLA comprised less of the total indirect effect for each model, ranging from 9 to 41% for paths including adult SES, and from 2 to 15% for paths including CLA.

###### 

Multiple Mediation Models: Indirect Path Effects from Childhood SES to Cognitive Outcomes at Age 62

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Effect                                   Age 62 GCA             Abstract Reasoning     Episodic Memory        Processing\            Verbal\                Working Memory         Visual-Spatial Ability
                                                                                                                Speed                  Fluency                                       
  ---------------------------------------- ---------------------- ---------------------- ---------------------- ---------------------- ---------------------- ---------------------- ------------------------
  \(a\) Through age 20 GCA                 **0.062**\             **0.052**\             **0.030**\             **0.023**\             **0.018**\             **0.031**\             **0.057**\
                                           **\[0.036, 0.089\]**   **\[0.027, 0.077\]**   **\[0.016, 0.049\]**   **\[0.010, 0.039\]**   **\[0.006, 0.036\]**   **\[0.016, 0.048\]**   **\[0.030, 0.085\]**

  \(b\) Through SES                        0.007\                 0.028\                 **0.023**\             0.022\                 **0.030**\             **0.023**\             0.017\
                                           \[−0.006, 0.018\]      \[−0.001, 0.047\]      **\[0.002, 0.043\]**   \[−0.000, 0.041\]      **\[0.008, 0.048\]**   **\[0.008, 0.039\]**   \[−0.004, 0.037\]

  \(c\) Through CLA                        0.002\                 0.005\                 0.004\                 0.006\                 **0.011**\             −0.001\                **0.007**\
                                           \[−0.002, 0.007\]      \[−0.003, 0.013\]      \[−0.003, 0.013\]      \[−0.000, 0.017\]      **\[0.002, 0.023\]**   \[−0.006, 0.005\]      **\[0.000, 0.017\]**

  \(d\) Through age 20 GCA and SES         0.001\                 0.004\                 **0.003**\             0.003\                 **0.004**\             **0.003**\             0.002\
                                           \[−0.001, 0.003\]      \[−0.000, 0.007\]      **\[0.000, 0.006\]**   \[−0.000, 0.006\]      **\[0.001, 0.007\]**   **\[0.001, 0.005\]**   \[−0.001, 0.005\]

  \(e\) Through age 20 GCA and CLA         0.000\                 0.001\                 0.001\                 0.001\                 **0.002**\             −0.000\                0.001\
                                           \[−0.000, 0.001\]      \[−0.001, 0.002\]      \[−0.000, 0.002\]      \[−0.000, 0.003\]      **\[0.000, 0.004\]**   \[−0.001, 0.001\]      \[−0.000, 0.003\]

  \(f\) Through SES and CLA                0.002\                 0.004\                 0.003\                 0.005\                 **0.009**\             −0.001\                **0.006**\
                                           \[−0.001, 0.005\]      \[−0.002, 0.009\]      \[−0.002, 0.009\]      \[−0.000, 0.011\]      **\[0.003, 0.016\]**   \[−0.005, 0.003\]      **\[0.001, 0.012\]**

  \(g\) Through age 20 GCA, SES, and CLA   0.000\                 0.001\                 0.000\                 0.001\                 **0.001**\             −0.000\                **0.001**\
                                           \[−0.000, 0.001\]      \[−0.000, 0.001\]      \[−0.000, 0.001\]      \[−0.000, 0.001\]      **\[0.000, 0.002\]**   \[−0.001, 0.000\]      **\[0.000, 0.002\]**
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note:* 95% confidence interval presented in brackets; paths significantly different from 0 are bolded; CLA = cognitive leisure activities; GCA = general cognitive ability; SES = socioeconomic status. Age and ethnicity are included as covariates and family as a random effect. Seven separate indirect paths include: (a) through age 20 GCA; (b) through adult SES; (c) through CLA; (d) age 20 GCA and adult SES; (e) through age 20 GCA and CLA; (f) through adult SES and CLA; and (g) through age 20 GCA, adult SES, and CLA.

The multiple mediation models allow us to examine the contribution of each of the indirect paths to each midlife cognitive outcome ([Table 2](#T2){ref-type="table"}). The direct path from cSES was only significant for one cognitive outcome---abstract reasoning. Furthermore, only one indirect path to abstract reasoning---the path through age 20 GCA---significantly accounted for the remaining effect. The total effect for the remaining age 62 cognitive outcomes was largely due to indirect paths. For age 62 GCA and processing speed, only the indirect path through age 20 GCA was significant. For episodic memory, the pathway of cSES influence was primarily through two indirect paths---one through age 20 GCA and one through adult SES. Verbal fluency showed the most complex pattern of indirect effects, with multiple indirect paths reaching significance: cSES worked indirectly through age 20 GCA pathways, adult SES pathways, CLA pathways, and through the combined paths including age 20 GCA and adult SES; age 20 GCA and CLA; adult SES and CLA; and age 20 GCA, adult SES, and CLA ([Table 2](#T2){ref-type="table"}; paths a--g). cSES influenced working memory primarily through three indirect paths: paths through age 20 GCA, through adult SES; and through age 20 GCA to adult SES; ([Table 2](#T2){ref-type="table"}; paths a, b, d). Finally, visual-spatial ability was associated with cSES primarily through the age 20 GCA pathway, the CLA pathway, the adult SES and CLA pathway, and the age 20 GCA, adult SES, and CLA pathway ([Table 2](#T2){ref-type="table"}; paths a, c, f, g). These indirect paths highlight the fact that the role of SES is highly attenuated by age 20 GCA.

Estimates of Overall Effect Sizes {#s20}
---------------------------------

As described in the methods, we examined post hoc the association of cSES and age 20 GCA using generalized linear models. Both cSES and ethnicity were significantly associated with age 20 GCA. Men with higher GCA scores in young adulthood were more likely to come from higher SES families (β = 0.09, 95% CI \[0.040, 0.146\]) and were of non-Hispanic white ethnicity (β = 0.15, 95% CI \[−0.199, −0.104\]). Although the multiple *R*^2^ (0.10) was significant in this model, the effect size was small (Cohen's *f*^2^ = 0.11) according to Cohen's guidelines ([@CIT0008]).

Finally, in [Supplementary Table 3](#sup1){ref-type="supplementary-material"} are the regression results for overall effect sizes for each cognitive outcome. Effect sizes for age 62 GCA and visual-spatial ability were large (Cohen's *f*^2^ = 1.25 and 0.49, respectively). Effect sizes for abstract reasoning, episodic memory, processing speed, and working memory were in the moderate range (Cohen's *f*^2^ = 0.35, 0.26, 0.24, 0.29, respectively). Verbal fluency had lowest overall effect size (Cohen's *f*^2^ = 0.15), signifying a small but significant effect size. These effect sizes, and modest multiple *R*^2^ indicate that there are multiple sources of covariance as yet unidentified in predicting midlife cognition.

Discussion and Implications {#s21}
===========================

Prior research finds that cSES contributes to an individual's later cognitive abilities, but these relationships are seldom explored from a life-course perspective. We examined associations between cSES and multiple cognitive outcomes in late midlife. Childhood SES predicted both GCA as well as specific cognitive abilities in late middle age, with these effects largely working through the mediator of age 20 GCA. Much of neo-materialist research has focused on the role of adult SES in attenuating the effect of cSES on adult outcomes and on accumulated inequities ([@CIT0009]; [@CIT0027]; [@CIT0031]; [@CIT0041]; [@CIT0044]) but has not examined early cognitive ability as mediator. Thus, consistent with evidence for the stability of cognitive function throughout most of the lifespan, cognitive functioning later in life is largely driven by early adult cognitive functioning ([@CIT0012]; [@CIT0042]; [@CIT0043]). Here we were able to show both direct and indirect influences of cSES on late midlife GCA, across more than four decades. This study is unique because of the variety of resource and cognitive measures collected longitudinally in the same sample that allowed us to formally test the pathways through which cSES mediates cognitive outcomes ([@CIT0028]).

Parental SES was correlated with engagement in CLAs, such that coming from a background with higher education and occupation was associated with increased likelihood of engaging in cognitively stimulating activities as an adult. Consistent with studies of older adults, SES, and age 20 cognitive ability were also associated with higher engagement in CLAs ([@CIT0028]; [@CIT0034]; [@CIT0053]; [@CIT0062]). In five of seven mediation models, however, pathways including engagement in CLAs were not significant when the other mediators (age 20 GCA and adult SES) were included in the model. Similarly, significant influences of adult SES on later cognitive function were largely attenuated after accounting for age 20 GCA. For two abilities, however, pathways including engagement in CLA's appeared to improve performance on later verbal fluency and visual-spatial ability tasks independently of the pathway through age 20 GCA thus demonstrating a potential area of intervention. We did not have a measure of childhood CLA. We do not know what accounts for the fact that the pattern of significant paths differed for different cognitive abilities. This might be a topic for future research.

Our results are also important for understanding cognitive reserve, a concept that is widely used in context of aging ([@CIT0002]). That is, engagement in CLAs is often thought to help maintain or enhance cognitive resources which would offset some age-related cognitive decline ([@CIT0032]). In contrast to most studies showing a positive association between CLAs and later-life cognition ([@CIT0034]; [@CIT0062]), we were able to include young adult GCA in our analyses. By doing so, we extended previous work by being able to clarify the cause and effect issue. Despite some support for a very small effect of paths including CLAs on verbal fluency and visual-spatial abilities, our results suggest that compared to CLAs, the level of GCA that one attains by early adulthood has a stronger influence on late middle age cognition. In our view, a direct measure of GCA such as the one used in the present study provides the best index of one's cognitive resources. Thus, it highlights the importance of early GCA with respect to one's cognitive reserve level. Although the association between engagement in CLAs, better cognition and reduced risk for dementia may seem to suggest that we should encourage greater engagement in such activities, our results are most consistent with reverse causation, i.e. that individuals with higher intellectual ability tend to more frequently engage in CLAs. Therefore, much further study is needed to determine whether and what type of engagement in CLAs might truly improve later adult cognitive outcomes.

Although there were no main or moderation effects of APOE-ε4 status that does not rule out other genetic influences. A meta-analysis found that genetic influences on cognitive abilities account for higher proportions of variance with age and stabilizes by early adulthood, suggesting a strong genetic basis for cognition in adults with heritability of adult cognitive ability estimated to range from 50 to 70% ([@CIT0004]). It has also been vigorously argued that the effects of parents on child intelligence are best explained by gene by environment correlations ([@CIT0049]). We did not, however, have data on parental cognitive ability, which would have increased precision over parental education. A previous study by our group in a different sample of twins, for instance, found that parental education moderated the heritability of adult reading ability such that genetic influences on reading ability were lowest at the lowest parental education level and highest at the highest level of education ([@CIT0037]). Another study found similar gene by environment interplay, where heritability of IQ in children was highest in higher SES families, and close to zero in lower SES families ([@CIT0059]). Thus, even the small direct associations between cSES and later cognitive outcomes cannot be considered causal ([@CIT0018]). In addition, gene by environment interplay may vary by other environmental influences such as culture ([@CIT0057]). However, the significant effect of cSES on age 20 cognitive ability, which likely reflects gene by environment interplay, emphasizes the importance of early influences and early interventions.

There are a variety of direct and indirect mechanisms by which adverse childhood SES can impair adult cognitive outcome while good childhood SES can promote healthy cognitive outcomes. One possible underlying mechanism may be an enduring sensitization of stress pathways. Recent research on the molecular biology underlying stress shows that stress mediators such as corticotropin releasing factor (CRF) regulate and exacerbate Alzheimer's disease and related dementia relevant processes, potentially through activation of the CRFR1 receptor ([@CIT0024]; [@CIT0045]). CRF is widely expressed throughout the brain with broad implications for its effect on multiple cognitive functions. Chronic stress appears to be a risk factor for Alzheimer's Disease and related dementias and recent research shows strong links between the CRF signaling pathway, beta amyloid production and plaque deposition, and tau pathology in animal models ([@CIT0024]). Thus, research on overactive CRF signaling may provide insight into the biological link between stress, neurodegeneration, cognition, and potential risk for Alzheimer's disease as well as a possible target for interventions.

The current investigation has several limitations. The sample included only men who had been in the US military during the Vietnam Era (1965--1975), and was predominantly Caucasian, so it is unclear if results are generalizable to women, minorities, or other older adult populations. As with virtually all studies of midlife and older adults, our measure of cSES was retrospective and might, therefore be subject to recall bias. However, there are several attributes of this sample that give us confidence that our results are applicable to larger populations. Demographic and health characteristics of this sample in midlife were similar to men in the same age group based on 2003 census and Centers for Disease Control and Prevention data ([@CIT0005]; [@CIT0051]). Midlife disease-related death rates from disease-related conditions have been found to be no different in Vietnam era veterans and other men their age ([@CIT0005]). These studies have also shown that differences in socioeconomic status between veterans and non-veterans are modest. It may be that the lack of association with health was due to the fact that at the age 20 assessment participants were less likely to have major childhood diseases since health is part of military screening. Thus this sample was healthy at the age 20 cognitive assessment. This can also be considered a strength of the study since the majority of longitudinal studies on cSES and adult outcomes do not have information on childhood health. The sample is also relatively young (age 62) with few chronic conditions. The effects of health may be stronger at older ages.

We were unable to illuminate the role of other childhood characteristics on later outcomes due to lack of detailed information about participants' childhood environments. Such influences could vary from parenting style and family activities, income, to household characteristics such as crowding or lack of resources ([@CIT0028]), health care that may have affected pregnancy or childhood illness, or exposure to environmental hazards such as pollution or parental smoking ([@CIT0003]). Participants' self-reported on family-of-origin environment at age 56; however, none of the parenting styles were found to be significantly associated with cognitive function (data not shown). Under normal circumstances, parenting is likely to have low impact on intellectual outcomes of offspring as long as the familial environment is adequate ([@CIT0049]). In this sample of blue-collar to upper middle class parents, it is likely that the range of cSES included few parents at extreme levels of poverty or adversity.

In summary, the effect of cSES on late midlife cognitive performance is relatively small but significant, and works primarily through its indirect association with early adult GCA and, to a much lesser extent, midlife SES and engagement in CLAs. The results have implications for theories of cognitive development and cognitive reserve across the life course; results suggest that, at least in late middle age, early adult GCA is a much stronger reserve factor compared with adult SES or engagement in CLAs. Also, the effects of parental SES on cognitive functioning are long lasting. Thus, the study has important implications for understanding the early origins of cognitive functioning and cognitive aging, and, potentially, cognitive decline. Because the pathological process in Alzheimer's disease begins decades before the onset of clinical dementia ([@CIT0025]; [@CIT0054]), understanding midlife cognition is also important for potentially improving early intervention or risk prediction.

Supplementary Material {#s22}
======================

Supplementary data are available at *Innovation in Aging* online.

###### 

Click here for additional data file.

Funding {#s23}
=======

This work was supported by grants from the National Institute on Aging at the National Institutes of Health (R01 AG 050595, R01 AG018386, R01 AG022381, R01 AG022982 to W.S.K., R01 AG018384 to M.J.L., and the R25 AG 043364 training grant to Dr. Cronan at SDSU supporting Mr. Beck).

Content of this manuscript is the responsibility of the authors and does not represent official views of NIH, or the Veterans' Administration. U.S. Department of Veterans Affairs, Department of Defense; National Personnel Records Center, National Archives and Records Administration; Internal Revenue Service; National Opinion Research Center; National Research Council, National Academy of Sciences; the Institute for Survey Research, Temple University provided invaluable assistance in the conduct of the VET Registry. Mr. Beck was supported by the Advancing Diversity in Aging Research (ADAR) program at San Diego State University, for which Drs. Franz and Kremen are mentors. The authors gratefully acknowledge the continued cooperation of the twins and the efforts of many staff members.

[^1]: These authors contributed equally to this work.
